In the present study, the effects of chemical reaction on unsteady free convection flow of a viscous, electrically conducting, and incompressible fluid past a moving semi-infinite vertical cylinder with mass transfer and temperature oscillation is studied. The dimensionless governing partial differential equations are solved using an implicit finite-difference method of Crank-Nicolson type, which is stable and convergent. The transient velocity, transient temperature, and transient concentration profiles are studied for various parameters. The local as well as average skin-friction, Nusselt number, and Sherwood number are also analyzed and presented graphically. The results are compared with available computations in the literature, and are found to be in good agreement.
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INTRODUCTION
Unsteady oscillatory free convective flows play an important role in chemical engineering, turbomachinery, and aerospace technology. The rise of such flows is due to unsteady motion of either the boundary or the boundary temperature. Besides, the unsteadiness may also be due to the oscillatory free stream velocity or temperature. The phenomenon of heat and mass transfer is also very common in chemical process industries such as food processing and polymer production. Also the study of magneto hydrodynamics (MHD) incompressible viscous flows has many important engineering applications in devices such as MHD power generators, cooling of nuclear reactors, geothermal systems, aerodynamic processes, and heat exchange designs. Hossain (1988) solved the problem of simultaneous heat and mass transfer in two-dimensional (2D) free convection from a semi-infinite vertical plate. An integral method was used to find a solution for zero wall velocity with the small amplitude oscillatory wall temperature.
Several authors have studied the natural convection boundary layer flow of an electrically conducting fluid in the presence of a magnetic field. Emerly-Ashly (1963) presented the effect of a magnetic field upon the free convection of conducting fluids. An exact solution for the MHD flow between two rotating cylinders under a radial magnetic field was studied by Arora and Gupta (1972) . Kumari and Nath (1999) studied the development of asymmetric flow of a viscous electrically conducting fluid in the forward stagnation point region of a 2D body and over a stretching surface with an applied magnetic field when the external stream or the stretching surface was set into impulsive motion from rest. The mass transfer effects on the flow past a vertical oscillating plate with variable temperature were given by Soundalgekar et al. (1994) . It was observed that the skin friction increased with an increase in ωt. Shankar and Krishan (1997) presented the effect of mass transfer on the MHD flow past an impulsively started infinite vertical plate. Soundalgekar et al. (1995) studied the effects of mass transfer on the flow past an oscillating infinite vertical plate with a constant heat flux. They showed that the skin friction for air increased with the decrease in the molecular diffusivity of the species concentration when ωt < π/4.
The situation, when the surface temperature on the vertical plate oscillates with the stream wise coordinate, has been investigated by many authors (Yang et al. (1982) , Na (1978) , Kao (1976) , and Rees (1997) ).
Rees (1997) studied, both numerically and analytically, the situation when the sinusoidal surface temperature oscillated about a constant mean value which was held above the ambient temperature of the fluid. addressed the transient free convection flow past an infinite vertical plate with a periodic oscillation of the surface temperature. Li et al. (2001) investigated the steady and unsteady free convections from a vertical wall with stream-wise surface temperature oscillation. For small Grashof numbers, they obtained an asymptotic formula for the average Nusselt number by using a perturbation method. Zhang et al. (2004) numerically investigated the laminar natural convection on a periodically oscillating vertical flat plate heated at a uniform temperature, in which the temperature of the core fluid was assumed to vary in the vertical direction instead of the horizontal direction. Saeid (2004) investigated the periodic oscillation effect of the surface temperature on the transient free convection from a vertical plate, and showed that increasing the amplitude and frequency of the oscillating surface temperature could decrease the free convection heat transfer from the plate. Ganesan and Loganathan (2001) 
MATHEMATICAL THERMO FLUID DYNAMIC MODEL
An unsteady, laminar, two-dimensional, combined heat and mass transfer boundary layer flow of a viscous incompressible fluid past a semi-infinite moving vertical cylinder of radius 0 r is considered.
The x-axis is taken along the axis of the cylinder in the vertically upward direction, and the radial coordinate r is taken along the direction of the magnetic field. x and r are mutually perpendicular as shown in Figure 1 . The gravitational acceleration g is acting downward. Initially, both the cylinder and the fluid are stationary at the same temperature T   and the same concentration level C   . They are maintained at the same level for all 0 t  . At time 0 t  , the cylinder starts moving in the vertical direction with a uniform velocity 0 u . The temperature on the surface of the cylinder is raised to w T and a periodic temperature is assumed to be superimposed on this mean constant temperature of the surface. Also, the concentration on the surface of the cylinder is raised to w C . All the fluid properties are assumed to be constant except the influence of the density variation, which induces the buoyancy force. The effect of viscous dissipation is not considered in the energy equation.
There exists a homogeneous first order chemical reaction between the fluid and species concentration. The system is considered to be axis symmetric. The induced current does not distort the magnetic field. The magnetic field is constant in a direction perpendicular to the cylinder. The coefficient of electrical conductivity is constant and scalar throughout the fluid. Under the above assumptions and taking the usual Boussinesq approximation into account, the governing equations for continuity, momentum, energy, and concentration are as follows:
Equations (1)- (4) are subjected to the following initial and boundary conditions: 0 : 0, 0, ,
Introduce the following non-dimensional variables and parameters: (1) - (4) can be reduced to the following forms:
The corresponding initial and boundary conditions in non-dimensional quantities are given by 0 : 0, 0, 0, 0 for all and
NUMERICAL TECHNIQUE
In order to solve these unsteady, non-linear coupled equations (7) to (10) under the boundary conditions (11), an implicit finite difference method of CrankNicolson type has been employed. The finite difference equations corresponding to Eqns. (7) -(10) are as follows:
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  
The region of integration is considered as a rectangle with sides Xmax = 1.0 and Rmax = 20.0, where Rmax corresponds to R   which lies very well outside the momentum, thermal and concentration boundary layers. Here, the subscript i -designates the grid point along the X-direction, j -along the R-direction and the superscript n along the t-direction. During any one-time step, are known at all grid points in the rectangular region at (n+1) th time level. After experimenting with a few sets of mesh sizes, the mesh sizes are fixed at the level ΔX = 0.02 and ΔR = 0.2 with the time step Δt = 0.02. In this case, the spatial mesh sizes are reduced by 50% in one direction. Then, the results in both directions X and R are compared. It is observed that, when the mesh size is reduced by 50% in the R-direction, the results differ in the fifth place after the decimal point; while when the mesh sizes are reduced by 50% in the X-direction or in both directions X and R, the results are correct to the fourth decimal place. Therefore, these mesh sizes are considered to be appropriate for calculations. The finite difference scheme is unconditionally stable as discussed in Ganesan and Rani (1998) . The truncation error in the finite-difference approximation is   2 2 O t R X      and it tends to zero as Δt, ΔR, and ΔX tend to zero. Therefore, the scheme is compatible. The stability and the compatibility ensure the convergence.
RESULTS AND DISCUSSION
During the initial period, the body forces have not had sufficient time to generate any appreciable motion in the fluid. Hence, both velocity components are negligible for small time t. During this initial transient regime, the heat transfer process is dominated by pure heat conduction. The temperature distribution at early times is, therefore, the same as the transient conduction problem in a semi-infinite solid. The temperature distribution in a semi-infinite solid is given by the following equation (Schlichting (1979) and Carslaw and Jaeger (1959) 
with the initial and boundary conditions:
By introducing the non-dimensional quantities defined in Eq. (6), the transient temperature distribution in a semi-infinite solid can be written as
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with the initial and boundary conditions: Figure 2 shows the comparison between the transient temperature distribution calculated by Eq. (17) and by the current finite difference method (when / 2 t    ) at two different early times. They are found to be in excellent agreement and this shows that the current finite difference method is valid for this type of transient problem.
Fig. 2. Comparison of temperature profiles.
In order to study the behaviour of velocity u, temperature T and concentration C fields, a comprehensive numerical computation is carried out for various values of the parameters that describe the flow characteristics and the results are reported in terms of graphs. To be more realistic, all the computations are carried out for Pr = 0.71 (i.e., for air), 7 (i.e., for water) and the corresponding values of Sc are chosen such that they represent water vapour (0.6), carbon dioxide (0.94) at temperature 25 C  and 1 atmospheric pressure. Grashof number (Gr) for heat transfer is chosen to be Gr = 2, 5, and the solutal Grashof number (Gm) for mass transfer Gm = 2, 5, which corresponds to the case of cooling of the surface. 
The transient velocity profiles for various values of thermal Grashof number Gr, mass Grashof number
Gm and Schmidt number Sc are presented in Fig. 4 . Since Grashof number Gr signifies the relative effects of thermal buoyancy force to viscous hydrodynamic force in the boundary layer region, it is observed from Fig. 4 that an increase in Gr leads to an increase in fluid velocity in the boundary layer region. This implies that thermal buoyancy force tends to accelerate fluid flow. It is also observed that the velocity of fluid increases with increase in Gm. It is due to the fact that increase in the values of mass Grashof number has the tendency to increase the mass buoyancy effect. This gives rise to an increase in the induced flow. It is also observed from Fig. 4 that the velocity decreases with increasing Schmidt number in the boundary layer region. An increasing Schmidt number implies that viscous forces dominate over the diffusion effects. Schmidt number in free convection flow regimes, in fact, represents the relative effectiveness of momentum and mass transport by diffusion in the velocity (momentum) and concentration (species) boundary layers. Therefore an increase in Sc will counter-act momentum diffusion since viscosity effects will increase and molecular diffusivity will be reduced. The flow will therefore be decelerated with a rise in Sc.
Figure 5 reveals the effects of t and Pr on the transient velocity profiles. It is evident from the figure that the velocity increases with an increase in time for both air and water. Furthermore, the velocity attains its maximum value in the vicinity of the cylinder and then fades away. The magnitude of velocity for Pr = 0.71 is much higher than that of Pr = 7. Physically, this is possible because fluids with high Prandtl numbers have high viscosity and hence move slowly. of temperature is maximum at the cylinder and then decays to zero asymptotically. The temperature falls owing to an increase in the value of ωt for air (Pr = 0.71). The magnitude of temperature for air (Pr = 0.71) is greater than that for water (Pr = 7); this is due to the fact that the thermal conductivity of fluid decreases with increasing Pr, resulting in a decrease in thermal boundary layer thickness. It is also evident from the figure that the temperature increases with an increase in time for air (Pr = 0.71). Knowing the velocity, temperature and concentration profiles, it is important to study the local and average skin-friction, the rate of heat transfer and mass transfer. The local as well as average skin-friction, Nusselt number, and Sherwood number in terms of dimensionless quantities are given by
The derivatives involved in Eqs. (18) Since an increase in Pr decreases the temperature profiles this will manifest with an escalation in the wall temperature gradient i.e. greater heat will be conveyed from the fluid to the wall. Heat transfer rates to the wall will therefore be elevated manifesting in a boost in Nusselt number. 
CONCLUSIONS
A detailed numerical study has been carried out for 9. An increase in phase angle t  decreases the average Sherwood number, while this effect is negligible on the local Sherwood number.
